We have developed a novel near-field acoustic holography (NFAH) system which combines the nanometer-scale spatial resolution of conventional scanning probe microscopes (SPMs) with the surface and subsurface imaging capabilities. This technique will fill a critical void in characterization and investigation of the static and dynamic mechanics of nanoscale systems and address emerging issues in imaging and analysis of diverse "embedded" nano and microscale structures, and engineered systems. The NFAH development integrates three major approaches: a unique combination of scanning probe microscope platform (which enjoys excellent lateral and vertical resolution) coupled to microscale ultrasound source and detection (which facilitates "looking" deeper into structures, section-by-section) and a novel holography approach (to enhance phase resolution and phase coupling in imaging).
Existing far-field ultrasonic or acoustic microscopy techniques [1] suffer from spatial resolution limitations. Moreover, all far field microscopies lack: resolution Limitations due to Rayleigh limit: 0.51λ/N.A., coupling fluid attenuation ~ f 2 , and impedance mismatches. Recently ultrasonic force microscopy [2] [3] [4] [5] has been widely used to map the elastic properties of soft and hard surfaces. It also provides quantitative analysis of surface mechanical properties. But, it lacks the sub-surface imaging and sub-surface defect identification such as embedded voids, cracks and etc.
In our approach, a high frequency (~ 100's of KHz) acoustic wave is launched from the bottom of the specimen, while another wave is launched on AFM cantilever, albeit at a slightly different frequency. The interference of these two waves would nominally form so-called "beat frequency" which is monitored by the AFM tip, which itself acts as an antenna for both phase and amplitude of the beat frequency. As the specimen acoustic wave gets perturbed by sub-surface (and surface) features, especially its phase, the local acoustic interference is very effectively monitored by the AFM tip. Thus, within the near-field regime (which enjoys superb lateral and vertical resolution), the acoustic wave (which is non-destructive and sensitive to mechanical/elastic variation in its "path") is fully analyzed, point-by-point, by the AFM acoustic antenna in terms of phase and amplitude. Thus, as the specimen is scanned across, a pictorial representation of acoustic wave's perturbation is fully recorded and displayed, to offer "quantitative" account of internal microstructure of the specimen.
Preliminary results with the "mix and match" approach show great promise, and form the basis to build a dedicated, "turn-key", fully functional NFAH system, capable of rapid scanning with high spatial and temporal resolution. Figure 1 shows a spectacular example of how NFAH reveals differential elastic response to acoustic phase. NFAH image, in contrast, displays the relative elastic modulus variation between the SiO 2 trench walls, the SOD gap-fill material, and the Si 3 N 4 trench-wall coating. systems. Figure 3 shows vapor-phase-deposited multi-walled nanotube (MWNT). Intra-tube mechanical variations are clearly evident and are attributed to changes in the local crystalline defect density. Figure 4 is topographic and elastic imaging of wafers processed with PR of high "liquid borne particle" counts, suggested that "surface-borne particles" in the resulting photoresist film were either nanobubbles or regions of high material non-uniformity. The bases for this finding were the aspect ratio, the stability through multiple scans in direct contact topographic analysis, and the significantly higher mechanical compliance than the surrounding PR during elastic imaging. 
